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Executive summary

Wildfires aredisasters that possmplex challengs when protectindrinking water
infrastructureand quality The impacts of wildfires on drinking watquality and drinking water
infrastructurearediverse and knowledgsontinues teevolve. The purpose of thieportis to
enhance understandingwildfire impacts on drinking water systen¥he first objective is to
synthesie and summarigvolatile organic compound (VOC) contamination analytical results
from Oregon publidrinking water systemisnpacted by the 2020ildfires. The second
objective is to evaluate perspectives and insights from impacted water system operators and
emergency response staff to create a collection of information and lessons fleam2o20
wildfire response effost Information in this reprt can be utilized by drinking watsystem
operatorsemergency response mangers and coordinatodsother agencies faced with wildfire
response in the future

Oregon Health Authority Drinking Water Servic€HA-DWS) required water systems

impacted bythe 2020 wildfires that lost water pressure in the distribution system and sustained
structure loss or physical damage to sdsburned structuréservice linegor VOC
contaminatiorprior to restarting servicd his testing, which is ongoing, revea@C

contamination in 20 of the 25 systems tested to date. In six systems, at least one VOC was
detected at levels that exceeded the maximum contaminant level (MCL) or health advisory level
(HAL), with benzene being the most common exceedd@8gThrough conversations with

system operators and in an online survey distributed to emergency response staff, several key
recommendations for improving public water system response to wildfire were determined,
includingdeveloping andnaintainingemergencyesponsglans (ERPs)streamlining
communication between operators and outside agenciesdmcinghurdles to applying for and
receiving financial assistance.

For wildfire response and water system resilietacenprove continuedassessment of current
patterns and trends in VOC contamination aystenrecovery challenges secessary
Summaries of VOC data for each individual drinking water system patrticipating in testing are
included in the appendices$this reportFindings inthis report ar@lsosummarized and can be
viewed in theformats listed below.

1 Esri ArcGIS StoryMag{11)

1 Esri ArcGIS Web Mapping Applicatiofl2)
1 Esri ArcGISWebExperiencg13)

1 Key Findings Fact Sheét4)
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Introduction

Wildfires and drinking water

On LaborDay 2020 a combination of high temperatureg,fdels and strongast windded to
an unprecedented number of wildfitmsrningsimultaneously across Oregildfires have a
devastating impact on infrastructurethe built environment, especially in wildland urban
interface communitiesand the 202Wildfires were no different(2,3,18) Over the course of
Oregonbs 2020 wonk mifionacresd swéca thetenyearaveraged were
burned by 229 fireg15) By the end of th020fire season4,129 homes were destrale
40,000 people were evacuated, anghédplelost their lives(15) OHA-DWS identified 37
public water systems that sustained wildfire damage.Oregon Office of Emergency
ManagemenfOEM) puts the conservative estimate for damages caustuk3020wildfires at
over 380 million dollars(15)

In addition b damagd infrastructure wildfires also have numerous environmethiglth
impactslike smoke exposure ampbtential drinking watesourcecontamination(1,5,7;19)
Following the 2017 Tubbs and 2018 Cafirps in CaliforniaVOC contamination in levels that
exceeded state amederalgovernmenexposure limitaverefound to be present in buried water
distributionand servicdinesof impacted system$§16) Severaktudies have since been
conducted to understand the source of this VOC contamination in drinking water systems
damagéd by wildfire and have identifiedeveral vectors of contamination including loss of
system pressure, burned and melted service lines andlm&ts and loss of structures
connected to water systen($,6,17,18) During a fire residential plumbing and other water
distribution components can be damaged and water lines can become depre$sadingcto
back siphonagéhtit canpotentially spread contamireat waterto other parts of the drinking
water distribution systemnd suckn contaminated ajrsmokeand ash(6,16) Plastic pipes can
be thermally degraded when exposed to temperatures produedldfings and have been
shown to gerrate and theleach VOCs intodrinking water (6)

As part of the response tioe 2020 wildfires in Oregof®HA-DWS immediatelyrecognized the
public health rislof contaminatiorfrom VOCs including theknowncarcinogen benzenm
drinking watersystems OHA-DWS notified water systendamaged by the 2020 wildfires the
risks associated with VOC contamination and begaorganized effort tdhaveimpacted
systemglamagedy fire andthatlost pressureollectandanalyze sampleso determine the
extent of VOC contaminatio®HA-DWS receivedemergencyfundingfrom thestatelegislature
to develop a VOC testingrogramandcollaboratedvith the Oregon Department of
Environmental Quality (DEQpboratory anaeperators of impactedatersystems to collect
watersamplesat no cost tavatersystemswith service populationsf 3,300 peopleor fewer
Initially, water systems weraskedo testfor VOCsatlocationsthroughout the distribution
system including mainlines, burned service cornnastand unburned service connections.
OHA-DWS laterrequiredall water systems that losataterpressure and sustainsglucture
damageo test all burnederviceconnectiongrior to restarting water service.ddmple analysis
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revealed VOQontamination exceeding the MCL for a givaarvice connectigrihe water
systemwas required toake correctiveaction.

OHA-DWS worked withDEQ and privatdaboratoriedo analyzesamples collected byater
system operatorg he results from the laborayoanalysisarepublishedn OHA-DWS Data
Onlineg, a public data access site wheigtorscan findwater systennformationlike coliform
andchemicalmonitoringresults systemcontad information and basievatersystem
information (9) OHA-DWS alsogenerated preliminary sumniagof VOC sampling resultéat
included a comparison ofetectechnalyte levels to the MCand HAL. Thesesummaries and
VOC analysis datavere distributedo sampled water systeam

Study purpose and research objectives

The purpose of thiseportisto enhance understanding of wildfisempacts on drinking water by
summarizingdrinking water system VOC contamination following @20 wildfiresin the state
of Oregon synthesie insight from bothpublic wateroperatos and emergency management staff
andprovidea summary of the 2020 wildfire resporieanform futuredisasteresponsend
increase resiliencylhetwo objectives were td) aggregatelata orand summariz& OC
contamination experienced by Oregon drinking water systemslat@020 wildfiresand2) to
evaluate perspectives and insights from impacted water system operators and emergency
response staff to create a collection of information asgdns learnegdom 2020 wildfire
response efforthatcaninform drinking watersystemoperatorsemergency response mangers
and coordinatorsgnd other agenesfaced withwildfire response
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Objective 1. Impact of 2020 Oregon wildfires

The first objetive of thisreportis to synthesize and summari¥®©C contanination experienced
by Oregon drinking water systems aftiee 2020 wildfiresand VOC sample analysis dafa
achieve this, spatial analysis was conducted to identify impacted systems, anshwgties

were taken from those systems and analyzed to determine the extent of VOC contamination.

1.1 Methods

Identifying impacted drinking water systems

In this report, alrinking water systenimpacted by the 2020 Oregon wildfisedefined as any
public water systermwhoseservice area boundasor approximate servicaéeaboundary centar
intersect with 2020 Oregon historic wildfire burn perimeterd sustainedamage or lost
pressure in thdistribution system(8) OHA-DWS identified 29 water systems that sustained
wildfire damage to thdistributionsystemand experienced loss of pressuheeesystemghat
sustainedo damage bugxperienced loss afaterpressurendfive systemghatexperienced a
complete system lossd are no longer serving customéos a total of 3impacted drinking
water systemsTwentywater systemwererequiredoy OHA-DWS to conductvOC sampling
andfive voluntarily conducted VOC sampling themselv&ualifying TransientNon-
Communitysystemswvere not selected by OHBWS for VOC sampling. Sampling efforts were
focused orCommunityand GegonVery Small (OVS)water systems witkervice populations
of yearround resident® account fopotentialchronicexposure to VOCs.

Water system serviareaboundaries fomostOregon public drinking water systems are not
available however the state maintaga databasef approximateservice centers for most
systems. Two sampled water systems wergrastent in the approximatenter database, so the
centers of each were manually placed based on their associated sample |odadEns.
approximate service centers were used to locate wildfire impacted systems.

Sample collection and VOC data management and analyses

Sample collection anthboratory analysis methosaried by drinking water systerdEQ and
OHA-DWS developedampling methodjuidancethat waddistributed to operatorsf 25 systems
required ly OHA-DWS to sample for VOCar thatconducted voluntary VOC sampling
However, ime of collection, number of samplaedrepeat samples, samplitaration within

the water systene(g, meter box, distribution siteand expertise of sampling staff varied. VOC
analyses were performed by private labdthe state DEQaboratory Sample analysis methods
included EPA Method 524,EPA Method 826@ndDEQ modified EPA Method 524.221,22)
DEQ modified the 524.2 method sample collection instructionsdlmdean OHA-DWS
recommended minimum #A2our stagnation period to bett&arget VOC contamination from
distribution pipes over timd&resultsvere repaiedvia a standardizedectronicdatadelivery file
developedhy OHSDWS and public and privatiaboratoriesDepending on the labndanalysis

* Medford Estates and Pacific Village Mobile Home Park are customers of larger water systems (Charlotte A
Water District and Medford Water Commission, respectively) that sustained wildfire damage and were samp
separately from thiarger water system. Medford Estates is reported under the water systd®AIDAGand Pacific

Village Mobil e Home Par lappendicke r 00513A in this re
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method, amples were analyzed fbetweerfour and60 analytes(21,22) Samplesand
monitoring resultshat weredeemedhot validby the DEQ laboratory(qualifiers with suffixesC,
D or E)weremarked as such and not included in subseqaregilysesin addition,labsutilized
different namesor variousanalytes when reporting resulfhese differences were manually
rectified,and a list of uniqgue VOCs present in the data was créatese in subsequedata
analyses

Descriptive statistics, including MCL and HAL exceedances, were calculated fourggake
sample (23) Exceedances were calculated by comparing detection level to the regulated MCL
1-day HAL, 16day HAL, andlifetime HAL levels in mg/L.(23) A list of detected VOCsith

their frequency of detection amainimum and maximurntevels werereported for eackampled
water systenand forthe entire statéseeAppendiced and A respectively.

Maps of sample locations were created by geocoding partial addresses associated with many of
the samples. For cases where it was not possible to match the partial address or the partial
address was noécognizable as aaddress, context was used to fincbarect address. For

example, addressés samples taken from a mobile home park frequently contained only the
space number, which coutet usedto generate a complete address.

1.2 Results

Water systems and individual samples

There are total of3,320active drinking water systemwithin the state of Oregan 202Q
approximately93 of whichwere impacted bwildfire in 2020 OHA-DWS identified 37 systems
thatsustainedlamage or lost pressure due to the fires. Those systems with damagenarily
located along rivexand in the passes of the Cascade Razagtof the Willamette Valleysee
AppendixC). They are primarifComnunity, OVS, andTransienfNon-Communitysystem
types with service populations ranging frak2 to 91,000 Twenty-six systemsaresupplied
primarily with groundwateand11 with surface waterAll but threeof the 25systemsampled
for VOCsareCommunity andOVS systemtypes Twelve sampledsystems usgroundwater and
13 u® surface water as their primary source.

Mostimpacted systemsith OHA-DWS identifieddamageare clustered in counties comtgig
the largest firesyith notableexceptiors being Jacksoand Lincoln ounies, where the

Table 1. Impactedrinking water systems with confirmed identified damage by co{nt$7)

County Impacted  Sampled Sampled Systems Sampled Systems

Systems Systems with Detections with Exceedances

Clackamas 1 2 2 0
Douglas 3 0 - -
Jackson 9 9 6 3
Klamath 2 1 0 0
Lane 8 3 2 0
Lincoln 4 4 4 1
Linn 2 1 1 1
Marion 8 5 5 2

Oregon Wildfires: Impacts on Drinking Water Systems and Water Quality 5



Table 2. Systems with volatile organic compounds exceediag\asory orguidancelevel
(n=7 unigue water systems)

Maximum Contaminant 1-day Health  10-day Health = Lifetime Health Advisory

Level Advisory Level Adwvisory Level Level
Detroit WS Detroit WS Detroit WS Detroit WS
City of Gates Lyons Mehama WD
Lyons Mechama WD Hiland WC — Echo Mountain
Hiand WC — Echo Mountain City of Phoenix
City of Talent City of Talent
Whispering Pines MHV Whispering Pines MHV

relativelysmall Almedaand Echo Mountain Compldies burned structures idensely
developedarea. The majority ofsampledsystems in all counties except Klamath had at least
one detectionthough a smallgvortionhad at least one detection that exceededMBL or

HAL (seeTable J.

Twentyof the 25 systems sampled had at least one VOC dete&tioilOC detectionover the
MCL or HAL were collected from burned service line locatiddiainline samples did not show
contamination over the MCL or HAISamples collected froi@harlotte Ann Water District
McKenzie Palisades Water Board, Pacific Village Mobile Home Park, and ODF/WL Klamath
Fish Hatchernjhad noVOCs detected despite beingssified as a systewith identified
damageOf the 20 systems with at least one VOC detection, six systems had at least one MCL
exceedancéetroit WS, City of Gates, Lyons Mehama WD, Hiland WEcho Mountain, City
of Talent, and Whispering Pines MH\One system had at least oneldy HAL exceedance
(Detroit WS) one system had at least oneddy HAL exceedancgetroit WS) and six

systems had at least olifetime HAL exceedanceletroit WS, Lyons Mehama WD, Hiland
WCi Echo Mountain, City of PhoeniXity of Talent, Whispering Pines MHMeeTable2]).

Of the systems that serve more than 300 people, five detected a VOC that exceeded the MCL or
lifetime HAL. City of Gates detectadnyl chloride over the MCL. City of Phoenix detected 2

butanone (MEK)at levels greater than thiéetime HAL. Lyons Mehama, Hiland WatérEcho

Mountain, and City of Talent each detecbeshzene over the MCL arifietime HAL. Additional

information about eackampleds y st emés VOC r e sApdendigD atoageideb e f oun
general system informatioA more detailed and interactive map of impacted and sampled water
systems, as well as unique sample locations, is presented as an Esri ArcGIS Web Mapping
Application.(12)

Unique VOCs and individual samples

A total of 1767 valid samples were collectedbfn 25impactedwater systemandwere
collectivelyanalyzed foi7 1 differentVOCs VOCswere detected iB660of 1,767 (49%)samples
collected However,of the 71 unique VOCspnly 36 were detectedh the866 sampleswith a
VOC detectior{seeAppendixA).

Thetenmost detected VOCs wereltanone (MEK), benzene, bromodichloromethane,
bromoform, chloroform, chloromethane, dibromochloromethane, methutyl ether,
styrene and toluenéseeTable3). Chloroformwasthe most common VOC withi08 detections
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Table 3. Topgenvolatile organic compounds (VOCdgtectedacross all samples
(n=1,767 total samplesnE866 samples with VOC detection)

. Min Max MCL, 1-day HAL, 10-day HAL, Lifetime
Analyte Detections (mg/L) (mg/L) HAL (mg/L)

Chloroform 708 0.00051 0.364 0.08 4 4 0.07
Bromodichloromethane 707 0.0005 0.137 0.08 1 0.6
Dibromochloromethane 229 0.0005 0.071 0.08 1 0.6
Methyl-tert-butyl ether 160 0.000106  0.605 - - -

Bromoform 111 0.0005 0.0332 0.08 5 0.2 -

Benzene 103 0.00051 0.271 0.005 0.2 0.2 0.003
Chloromethane 75 0.0005 0.0568 - 0 0.4
Toluene 75 0.00052 0.14 1 20 2 -
Styrene 36 0.0005 0.14 0.1 20 2 0.1
2-Butanone (MEK) 34 0.00554 3.96 - 75 7.5 7.5

Note:Not all detected VOCs have a regulateaximumcontaminanievel(MCL) or healthadvisorylevel (HAL).

though it is important to note thettloroform,bromoform bromodichloromethanennd
dibromochloromethanieave beendentified by EPA abyproducts of drinking water
disinfectionand may not be associated with wildfi(@4) Bromoform bromodichloromethane
and dibromochloromethaneere alsamong the top tedetected/OCsin sampled water
systemgTable 3)

VOC levels exceeded multiple EPA advisory or guidance levelsT@ae 4. (23) Forty-eight

samples exceeded an MCL (33 from DétWater System alone), 2 samples exceeded-thay 1

HAL, 2 samples exceeded the-d@y HAL, and 64 exceeded the lifetime HAR3) The VOC

with the greatest number of samples exceeding an advisory or guidance level was benzene with
31 MCL exceedances, twedhy HAL exceedances, two-tay HAL exceedances, and 45

lifetime HAL exceedances2®) Additional information on individual VO@etections and

analyses can be foundAppendix A

Research has beeonductedo identify VOCs that are associated with systems damaged by
wildfire. (4,625 0f t he 53 VOCs included in t h3®weief ire
analyzed as part of the 2020 VOC sampling progaad?26 were detected at least once across

all water systemg25) All ten mostetected analytgd able 3) except chloroformare present

in the fire packagel'en VOCs (bloroform, dichloromethanegichlorobenzene, m
dichlorobenzene,-ghlorotoluene, chloroethane, trichloroethane, rbethylbenzene,

Table 4:Volatile organic compounddetected atevelsexceedingadvisoryfuidancelevel (1=8)

Maximum l-day Health  10-day Health  Lifetine Health
Contammant Level  Advisory Level Advisory Level  Adwvisory Level
Benzene Benzene Benzene 2-Butanone (MEK)
Bromodichloromethane Benzene
Chlorobenzene Chlorobenzene
Chloroform Chloroform
Dichloromethane Styrene
Styrene
Vinyl chloride
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bromomehane, and 4sopropyltoluengwere detected but are ndentifiedin theWheltonfire
package(25) Excludingall EPAridentified disinfectant byproducts the following VOCs were
identifiedin boththe Whelton fire package amuthetoptenVVOCs detectedn sampled water
systemsmethyttert-butyl ether, benzene, toluene, styrene, abdtanone (MEK)(25)
Furthermore, methytiert-butyl ether and benzene wetlso detected in tap samples from
systems in California impacted by the 2018 Cdimg (20) ThesespecificVOCs may be
indicators of wildfie damageand future research is needed to evaluate tbkeisin assessing
wildfire impacts on drinking water
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Objective 2: Insights from operators and emergency

response staff

The second objective of this study waetaluateperspectives and insights frampacted
systemoperators talevelop information about resource neaddlessons learnefilom 2020
wildfire response effortthat complement guidance published by EPA and €@NXS andcan
be wsedby drinking watersystemoperatorsemergency response mangers and coordinaods,
other agen@sfaced withfuturewildfire response(10,24)

2.1 Methods

Operators of drinking water systems impacted by the 2020 Oreipifires who conducted
VOC samplingwere contacted by OHBWS staffin September and October of 20&2d
invited toshare their experiences structuredelephone discussisnOHA-DWS staffgathered
information from operatarabout their systesandexperienceduring and after the 2020
wildfires. Thediscussion encouraged operators to critically review and refleaghahwent well
with fire responsandfire recoveryandto identify the challenges they faceaind areas for
improvement.

In addition, OHADWS staff identified key emergency response coniacitate government
and at privateonsultingcompanieghat assisted water systems in responding to the 2020
wildfires. All emergency response participamtsre contacted and invited to share their
perspectives on water system wildfire response vianéine survey Specific questiongsedto
facilitate discgsionswith operators can be fourna AppendixE andthe survey distributed to
emergency response staffn be foundn AppendixF. Responses were reviewed to identify
common trends and patterns.

2.2 Results

Sampled Drinking Water System Operators

Eight drinking water operators participated in discussions and sharedxpeirenceduring

and after the 2020 wildfire®reparedness, funding, communication, teamwork and coordination
were central themes expressed by surveyed drinking wag¢eatorsFuture wildfire response by
drinking water systems could benefit from incorporating these themes and their messages.
Specific commomessages under these themes are desdanilieid section

All drinking water operators stated the vital im@onte of system emergency preparation
Preparatiorreferencedncluded trained and knowledgeable system saafivell agesilient
infrastructure that iprotectedrom fire. Onsite fire suppression systems and vegetation
management around drinking watefrastructure were identified atrategies thagystems could
employ toprotect critical infrastructurdultiple drinking water operatoidentifiedalternative
or backup power (i.egenerators) as a key resoudtging an emergency responbeaddition,
respondents acknowledged that an updateergencyresponselan (ERP)was or could be a
valuable resource and would allow for a quick and effective initial response.

Oregon Wildfires: Impacts on Drinking Water Systems and Water Quality 9



Financial aid assistance was a challengelfmking water operators during the 2020 wildfires.
Some operators struggledth identifying financial resources and understandimgapplication
processot hei r syst tomaikl Other dparadprs bxipressed frustratiaith paperwork
hurdlesand delay in receiving aid as they juggled assesgildfire damage to the systeamd
conductingemergency repair worlracking labor, invoiceandequipment purchaseseeasily
overlookedn themomentbut detaileddocumentation and recordkeepiwgredeemed
important later when seeking financial aldhe Federal Emergency Management Agency
(FEMA), U.S. Department of AgriculturdJSDA) andBusiness Oregowere a few partners
operators found helpful.

Communicatioramongthose participating in wildfireesponse@ndwith thepublicwas a central
theme in wildfire discussions with impacted drinking water operatofsw operatorsiescribed
a lack of communication among partnering or assisting agencies aasd fietiuglorganizations
and agencies were working in sil@ne operator statdtlatwhile technically skilled and
knowledgeable emergency response stafkey, nontechnical skifi such agoordination and
communication are just as importaBonsequently, most agretthtdeveloping channels for
communicatioramongall staff, agencies and partners would be beneficial. In addition, some
operators statetthat emergencgommunication aeds to acknowledge uncertainty, be accurate
and be concise sbdt themessage is not lost obfuscatedMore specificallypperators
describedhe need for transparemipnestand clear communication angpamergency response
teans about limitations andperatioml strugglesso that ealistic solutions or next steps can be
identified and responséo specific problemsrioritized.

In addition to communication struggles among individuals included in wildfire response, some
operators statetthatthey found delivering public emergency messages challenging. All operators
surveyed expressed confidence in issuing public drinking watésaaighs under normal

operatng conditionshut referencethe complexityof messaging duringmergenies.

Emergency scenarios introduce numerous sources of complidtiheneed to adaphessage
delivery methodscontinuallychanging conditionsattleswith misinformation and concern
aboutthe effectiveness ofommunication to thoseho had no power or had evacuat&me
operator mentioned loss of communicasianfrastructurend inadequatkackupequipment

during an emergenayerebarrieisto communiation and hasxploredalternative

communication methodike a portable cell towetn addition, he specific need to assist rural

and small communities with delivering emergency messages wasnagmsized

Many impacted drinking water operators hightied the rolef teamwork and coordinated

response when asked about the 2020 wildfdgserators credited a diverse group of individuals
from various agencieandorganizations imanyroles. Local firefighters were repeatedly called
Aherpodshe | NGtuiaaomad s assi st anacandivelpfglo dEENMA | Wad
acknowledgedor cleanup aidand theefforts of multiplecounty health departments and

technical guidancprovided by the statguring andafter thewildfires wasdescribed as

fibeneficiab andfiappreciated Many operators valued the free VOC testing by the DEQ
laboratory,and one operator mentioned how test resntiseasedonfidencan the decisiorio

lift advisoniesby confirmingthat thewater being served wasife.

10 Oregon Wildfires: Impacts on Drinking Water Systems and Water Quality
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Lastly, while the efforts of manygencies and organizations werededby water system
operatorsthe efforts of the local community and staff of impacted individual systems were key
to a successful wildfire respondédany stories, fromawater sgtemstaff member workin@6
straight hourgo a private contractor offering immediate assistance avitrvicefirst attitude
demonstrated how dedicated system staff and community camaraderie are valusivle tool
emergencielke wildfire. One operatoexpressed how smaller scalesegional emergency
response approach thavolvesthe community may have value. Benefits of a regiooial
communityscale approaciayincludeeasysharingof resources, broader communication, and
efficientleveragingof availablefunding. There was general agreement that developing and
maintainng partnerships thancludethe community is an important activity for successful
wildfire response and recovery.

Emergency Response Staff

Two members of agencies that assisted 220 wildfire responseompleted the survey setat
theemergency response staff. The infratn emergency response staticked closelyvith the
surveyresponses provided by water systgmerators and followed similar themédheir
feedback is summarized in this section.

Emergencyesponse staff emphasizé need foan updated ERP that was concrete,
affordable,and realistiand included rules and guidance for wildfiesponse. Training and
educatio for operators around disaster response and recowethodsrecognizing assets and
resources that are availalite disaster response and recovenydpossible investment into
additionalemergencyssetdike portablegenerators were also identified as ways that water
systems can become more resilient to wildidae respondertb the surveyoted that general
strategies areelatively straightforward to identify, but that tHetails of those strategies are
oftenwatersystem specificAn increase in funding was identified a resourcthat would
improve resiliency and response across the board, however.

Communicatiorwas a common thenie responses from emergency respona#f ahdwater
system operatord.he challengemherent in disaster messaging to impacted populatiotes

by water system operators were reflecteémergency response staff survey responses.
Additionally, response staftientified technical limitationsvith reporting tracking efforts, as
well asfile and contact sharing between the various responding agencies and water system
operatorsEmergency response stafentified the lack of a official, formal system of
communi@tion betweemelevant agenciesnd water system operat@ssomething that could
be improved for future responsd@sey stressed the importaeof developing channels of
communication and building relationshipgh groups likeOregon Association of Wate
Utilities (OAWU) andOregon Water/Wastewat@&gencyResponse NetworfORWARN)to
increase the speed initial communication betweettisaster responsgencieand water system
operatos when disaster does strilguilding community connections were als@ntioned as
beneficial.

Coordination with andetchnical assistandeom engineers and organizations like OAVahd
guidance around VOC contaminatimere also identified as benefl to a successful disaster
responseReal,handson assistance by thosdth knowledgeof drinking water systerstructure
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andoperationby outside organizationsas identified as an additionasource that could
improve water systemesponsandreducethe workload for operateof water systems with
limited staff. Emergency response staff also stated thatdination withOregon Department of
Transportatiorand the U.S. Forest Serviteehelp clear roads and provide accessdter
treatment plantsr source water intakesould be helpful. Doing so woultllow water system
operators tanore quicklyassess any potential damage to water system infrastructubegnd
emergencyepairs and recovery efforts.
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Discussion

Key takeaways and recommendations

Research findings enhance our understanding of the impacts wildfires have on both drinking
water systennfrastructureand drinking water qualitySampleanalysesevealedvOC
contamination across wildfirdamaged systenad confirmedhe presence of VOCkke
benzeneabove the MCL and HAL in many systensampling results for public water systems
damaged by Or e g alsobosfirmed\2OC contantination simé#s studies done
on wildfiree<damaged water systems in otB&es andeinforce the need for additional research
to better understarttie impacts of wildfire damage on public drinking water systems.

Evaluating past emergency respoaffertsis an importanmanagemertbol. Reflectingand
identifying gaps and lessofearned from pasesponsesanbebeneficial whermprepamg for
future emergencg Furthermoregvaluatingexperiences from multiple perspectives is beneficial
whenperforminga holistic evaluatiownf disaster responsBrinking water operatorand
emergency stafflentified the importance of preparednassl disaster planninguick access to
emergency fundingnessaging to inform the public of eva&rifting conditionsand
communicationcoordination, and teamwoamag the many entities working on disaster
responsevhen battling the 2020 ®gonwildfires. It is important to note that even with a well
written, rehearsedand update@&RP, some water systerds especially small water systems with
few operators and limitetiime and sampling expertige need additional support when
responding to events like wildfire.

Multiple guidance documentieveloped by EPA and OHBWS are available to assist drinking
water operators in their preparedness, response and resiliencyfiewildo examples are

1 Build Wildfire Resilience U.S. EPA 24)
1 Emergency Preparednds©regon Health Authority10)

In addition to the recommendations synthesized from operator and emergency response staff
surveys, OHADWS staff identified several ways to impro@&lA-D WS @esponsédo wildfire

when addressing potentdOC contamination in public drinking water systenikere are
severabverarching themegd he first is the need for an establistiRIPthat dearly defines how

to respond to an emergeneyent Ad hocresponsesanlead to shifting messages that cause
confusion and frustration ERPneeds to include increased training, sample collection method
standardizatioiflike specificsampling plans)and standardizedample analysis methods to
ensure data quality and reporting accuracy. An electronic method of collecting and storing
information about specific samples is also necedsdbgtter track sample locations and store
context for each samplsjch asasampl® bcation in a water distribution system ahe

assessed damage level of the structure from which the saagtiaken. This information will
improve after action reports and analysis a#itlincreaselata quality and availability for
furtheracademic research.
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https://www.epa.gov/waterutilityresponse/build-wildfire-resilience
https://www.oregon.gov/oha/PH/HEALTHYENVIRONMENTS/DRINKINGWATER/PREPAREDNESS/Pages/emergency.aspx

Limitations

The data used in this report have several limitattbasare important to understanlith

respect to the spatial datapstwater systems are represented with an approxigegitéce area
center alone, rather thavith a complete servicareaboundary. Representirajarge areavith a
single pointcanleadto errorsFor example,lte approximateenterdor severabf the systems
sampled as part of thpoject lie outside 62020 wildfire burn perimetergven thouglsomeof
thosesystemavere damagedr lost pressutelhus, maps of systems impacted by wildfires are
potentially incompleteBecase systems vary significantly in geographic sizes, difficult to
verify potentially impacted systems that lack more robust boundaries.

Sampledata collection methahlso led to some problems in the d&acauseperators
recordednformation abousampleson paper forms, the precise locationssofme samples could
not be determinedvost samples could bgeocoded and placed on a map, bigvawere
recorded wihoutarecognizableddress. For some small systeespecially thoskcated at a
single addressamples were takdrom various buildings connected to thgstem renderingt
difficult to recordprecise locationdMost of these points are stacked atop each other, usually
located at a singlstreetaddress oin the centeof a city, and thetrue spatial distribution of the
samples camtbe determined. Aigital field survey tool that includes GPS locatiimn each
sample couldbe used to solve this issue the future

Differences irsampleanalysis methods used by tlabs that contributed to this project meant

that not all samples were tested for the same analytes. For this reason, a complete picture of all
VOCs present in impacted water systems is not availAdkrk of standardization in data

collection method$® especially sampling location in the water syststagnation timeand

collection method potentially introduced errors into the data.
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Appendices

Appendix A: All detected volatile organic compounds (VOCs) in the
2020 wildfires

Chemical . Maximum
Abstract  Maximum , :

Analyte Service detection Valid Detections contaminant

(CAS) (ML) samples level (MCL)

number exceedanes
1,1,1,2Tetrachloroethane 630-20-6 - 917 0 0
1,1,XTrichloroethane 71-55-6 - 917 0 0
1,1,2,2Tetrachloroethane 79-34-5 - 917 0 0
1,1,2Trichloroethane 79-00-5 0.0005 917 2 0
1,1-Dichloroethane 75-34-3 - 917 0 0
1,1-Dichloroethylene 75354 - 917 0 0
1,1-Dichloropropene 563586 - 916 0 0
1,2,3Trichlorobenzene 87-61-6 0.000510 436 1 0
(1_|,%?|;;I’rlchloropropane 96-18.4 i 917 0 0
1,2,4Trichlorobenzene 120-82-1 0.00106 906 4 0
1,2,4Trimethylbenzene  9563-6 - 479 0 0
1,2-Dichlorobenzene 9550-1 0.011 917 7 0
1,2-Dichloroethane 107-06-2 0.0025 917 6 0
1,2-Dichloropropane 78-87-5 0.0042 917 1 0
1,2-Dimethylbenzene 95-47-6 0.0159 858 9 0
1,3,5Trimethylbenzene  10867-8 0.00094 481 2 0
1,3-Dichloropropane 142-28-9 - 917 0 0
1,3-Dichloropropene 542-75-6 - 49 0 0
1-Propene, anethyt 115117 - 0 0 0
2,2-Dichloropropane 594-20-7 - 916 0 0
2-Butanone (MEK) 78933 3.96 36 34 0
4-Chlorotoluene 106434 0.00198 906 3 0
4-lsopropyltoluene 99-87-6 0.000720 453 0
Acetone 67-64-1 2.17 1 1 0
Acrolein 107-02-8 0.00895 11 11 0
Benzene 71-43-2 0.271 1763 103 31



Bromobenzene
Bromochloromethane
Bromodichloromethane
Bromoform
Bromomethane

Carbon disulfide
Carbontetrachloride
Chlorobenzene
Chloroethane
Chloroform
Chloromethane
cis-1,2-dichloroethylene
cis-1,3-dichloropropene
Cyclohexanone
Dibromochloromethane
Dibromomethane

Dichlorodifluoromethane
(Freon 12)

Dichloromethane
Ethylbenzene
Hexachlorel,3-butadiene

Isopropylbenzene
(Cumene)

m-dichlorobenzene
Methyl-tert-butyl ether
m-xylene/pxylene
Naphthalene
n-butylbenzene
n-propylbenzene
o-chlorotoluene
p-dichlorobenzene
Propylene

Propyne
Sechbutylbenzene
Styrene

18

108-86-1
74-97-5
1527-4
15252
74-83-9
75150
56-23-5
108-90-7
75-00-3
67-66-3
74-87-3
156-59-2
1006101-5
108-94-1
15274
74-95-3

7571-8

75092
10041-4
87-68-3

98-82-8

541-731
163404-4
No Data
91-20-3
10451-8
103651
95-49-8
106-46-7
11507-1
74-99-7
135988
10042-5

0.137
0.0332
0.00147

0.127
0.0011
0.364
0.0568

0.0094
0.605
0.0099
0.0146

0.00254
0.0108

0.14

707
111

27

708
75

36
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Tentativelyidentified

compounds

Tert-butyl alcohol (TBA) 75650
Tert-butylbenzene 98-06-6
Tetrachloroethene (PCE) 127-184
Tetrahydrofuran 109999
Toluene 108-88-3

Transl,2-dichloroethylene 156-60-5
Transl,3-dichloropropene 1006102-6
Trichloroethene (TCE) 79-01-6
Trichlorofluoromethane

(Freon 11) 75694
Vinyl chloride 75-01-4
Xylenes,total 133020-7

- 409

- 0
- 453
0.0016 917
- 0
0.14 1761
- 917
- 868
0.0028 917

- 453

0.00822 916
0.0309 1756
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Appendix B: Oregon public water systems with evaluated 2020
wildfire damage

Systermame SyIsDtem Damagdevel Sampled
Ashland Water 00047 No structure _Ioss_ (or physical damage) witl Yes
Department pressure maintained
Bear Creek Mobile 00050 Complete system loss, no longer serving Yes
Home Park customers
BI_ue_Rlver Water 00125 Structure I_oss_ (aophysical damage) with Yes
District depressurization

Structure loss (or physical damage) with

Breitenbush Hot Spring: 93461 q N Yes
epressurization
Cedarhurst 00280 Structure I_oss. (or physical damage) with Yes
Improvement Club depressurization
C.harllotte AnnWater 01547 Structure I_oss. (or physical damage) with Yes
District depressurization
Detroit Water System 00257 Structure I_oss. (or physical damage) with Yes
depressurization
Evans Creek Camp 94085 Complete system loss, no longer serving No
Retreat customers
Fllnn .Ranch Water 01409 Structure I_oss. (or physical damage) with Yes
District depressurization
Gates, City of 00317 Structure I_oss_ (or physical damage) with Yes
depressurization
Heavens Gate Cottages 05186 Structure I_oss_ (or physicdbhmage) with No
depressurization
Hiland Water , .
Commission Echo 00605 Structure I_oss_ (or physical damage) with Yes
: depressurization
Mountain
Hiland Water . .
Commission 00601 No structure I(_)ss (or physical damage) witl Yes
: depressurization
Riverbend
Holiday Farm Resort 91819 Structure I_oss_ (or physical damage) with NoO
depressurization
Johnsons Park & Water Structure loss (or physical damage) with
05865 N No
Company depressurization
Lazy Days Mobile 00990 Complete system loss, no longer serving NoO
Home Park customers
Lyons Mehama Water 00493 No structure loss (or physical damage) witt Yes

District depressurization
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Mckenzie Palisades
Water Board

Mckenzie River Trailer
Park

Medford Estates Mobile

Home Park

Medford Water
Commission

New Sammys Bistro

Oak Park Motel

ODF/WL Klamath Fish
Hatchery

ODF/WL Rock Creek
Hatchery

Opal Creek Ancient
Forest Center

Pacific Village Mobile
Home Park

Panther Creek Water
District

Phoenix, City of
Sage Community
School

Salmon River Mobile
Village

Steamboat Inn

Susan Creek Mobile
Home Park

Talent, City of

Taylor Park

Taylors Grove Water
Works

Vida Flats Water
System

00923

05236

01547A

00513

01199

05712

94925

05025

06169

00513A

00603

00625

94860

00606

92135

94508

00857

94257

05782

05266

Structure loss (or physical damage) with
depressurization

Complete system loss, no longer serving
customers

Structure loss (or physical damage) with
depressurization

Structure loss (or physical damage) with
depressurization

Complete system loss, no longer serving
customers

Structure loss (or physical damage) with
depressurization

Structure loss (or physical damage) with
depressurization

Structure loss (or physical damage) with
depressurization

Structure loss (or physical damage) with
depressurization

Structure loss (or physical damage) with
depressurization

No structure loss (or physical damage) witt
depressurization

Structure loss (or physical damage) with
depressurization

Structure loss (or physical damage) with
depressurization

Structure loss (or physical damage) with
depressurization

Structure loss (or physical damage) with
depressurization

Structure loss (or physical damage) with
depressurization

Structure loss (gphysical damage) with
depressurization

Structure loss (or physical damage) with
depressurization

Structure loss (or physical damage) with
depressurization

No structure loss (or physical damage) witt
pressure maintained
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Yes

No

Yes

Yes

No

No

Yes

No

No

Yes

Yes

Yes

No

Yes

No

No

Yes

No

Yes

No
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Wayfarer Resort

Whispering Pines
Mobile Home Village

Structure loss (or physical damage) with
depressurization

Structure loss (or physical damage) with
depressurization

91882 No

01468 Yes
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Appendix C: Locations of impacted and sampled public water
systems
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